INTRODUCTION
============

Nutritional status is an important factor affecting patient compliance to a therapeutic approach. Malnutrition has been shown to be closely associated with postoperative outcomes of morbidity and mortality. It may compromise a patient\'s immunity and increase their susceptibility to infection in postoperative periods.[@B1]-[@B3]

Among hospitalized patients, about 10 to 57% are malnutritioned, and 12 to 42% of these patients have severe malnutrition requiring preoperative nutritional support.[@B4]-[@B6] Severe malnutrition is usually associated with increases in rate of infection, length of hospital stay and complications.[@B6]-[@B8] Cancer patients are at a high risk of severe malnutrition, and about 30 to 40% of them are accompanied by severe weight loss and malnorishment.[@B9],[@B10]

According to guidelines from the European Society of Parenteral and Enteral Nutrition (ESPEN) and American Society of Parenteral and Enteral Nutrition, perioperative nutritional support should be considered in cancer patients. Further, for severely malnourished patients, they recommend performing surgery after administering preoperative nutritional support for more than 7 days.[@B11],[@B12]

The patient generated subjective global assessment (PG-SGA) comprises six components addressing changes in weight and food intake, gastrointestinal symptoms, physical activity and functional capacity, metabolic demand related to medical diagnosis and physical examination. Nutritional status is categorized into three groups: stage A (well nourished), stage B (moderately malnourished) and stage C (severely malnourished). Recently, the PG-SGA has been accepted as a simple and quick nutritional assessment tool in hospitalized cancer patients.[@B13]

Despite the above, few have studied the prevalence of perioperative malnutrition and changes in nutritional status among gastrointestinal cancer patients. Accordingly, we attempted to evaluate changes in nutritional status according PG-SGA score as well as risk factors for postoperative severe malnutrition in the perioperative period in patients with gastrointestinal cancer requiring surgical treatment.

MATERIALS AND METHODS
=====================

Study protocol
--------------

This was a prospective observation study designed to assess short-term changes in nutritional status in the perioperative period among gastrointestinal cancer patients.

Subjects
--------

Five hundred patients who were to undergo an operation for gastrointestinal cancer were prospectively evaluated in regards to their nutritional status using the PG-SGA from April to September 2011. This study protocol was approved by the institutional review board and conducted after obtaining informed consent from the patients.

The inclusion criteria were as follows: 1) gastric cancer or colorectal cancer patients, 2) 20-80 years of age, and 3) patients requiring elective surgery for cancer treatment. Patients were dropped from the study after the first nutritional assessment in instances of 1) a canceled operation, 2) open and closure due to advanced cancer, 3) prolonged hospital stay (\>30 days), and 4) early (\<10 days) or late (\>35 days) visit to the outpatient clinic after being discharged. A total of 435 patients were evaluated for nutritional status postoperatively ([Fig. 1](#F1){ref-type="fig"}).

Demographics such as sex, age, height, weight, body mass index, diagnosis, name of operation, type & route of operation, perioperative nutritional support, preoperative treatment, and staging were checked by reviewing the patients\' medical records.

Assessment of nutritional status
--------------------------------

Two dietitians assessed patient nutritional status on the day before the operation and at the 1st visit to the out-patient clinic (OPD) after being discharge using scored PG-SGA. We categorized patients into three groups according to PG-SGA stage and calculated PG-SGA score. Severe malnutrition was defined as PG-SGA stage C.

Statistical analysis
--------------------

Data analyses were performed using SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were expressed as mean and standard deviation. Factors affecting PG-SGA categories were analyzed with chi-test, and ANOVA was used to compare PG-SGA score among the three groups according to the SGA categories. Multivariate analysis was performed with a logistic regression model to discover risk factors of postoperative severe malnutrition.

RESULTS
=======

In total, 435 patients were analyzed through this study. There were 243 men (55.9%) and the mean age of the patients was 58 years old. Sixty-four percent (n=279) had gastric cancer, 21.1% (n=92) had colon cancer, and 14.7% (n=64) had rectal cancer. Subtotal gastrectomy was performed in 43.5% (n= 211), total gastrectomy in 15.6% (n=68), colectomy in 17.0% (n=74) and low anterior resection in 18.9% (n=82). The operation was performed thru open laparotomy in 211 (48.6%) patients, as well as laparoscopic- and robot-assisted surgery in 185 (42.5%) and 49 (9.2%) patients, respectively. Open laparotomy was performed in 190 (68.1%) of the gastric cancer patients and 20 (13.8%) of the colorectal cancer patients. The length of total hospital stay was 10 days and the length of postoperative hospital stay was 8 days. A secondary nutritional assessment was performed on the 16th post-operation day, which was the 8th day after discharge ([Table 1](#T1){ref-type="table"}). The lengths of postoperative hospital stay were 7.3 days in the PG-SGA group A, 8.0 days in group B, and 9.0 days in group C (*p*=0.001).

Changes in perioperative nutritional status
-------------------------------------------

Body weight significantly decreased from 62.1 kg to 58.9 kg after operation (*p*\<0.001). Weight loss in the preoperative and postoperative periods was 1.96 kg and 3.29 kg, respectively. PG-SGA score increased from 4.5 to 10.6 after operation (*p*\<0.001). According to PG-SGA rating, the proportion of severely malnourished patients increased from 2.3% to 26.2% after operation (*p*\<0.001) ([Table 2](#T2){ref-type="table"}, [Fig. 2](#F2){ref-type="fig"}).

The proportion of severely malnourished stomach cancer patients increased significantly from 2.2% to 29.7% (*p*=0.006). However, among colorectal cancer patients, such changes were not significant (*p*=0.157) ([Table 3](#T3){ref-type="table"}).

Risk factors for postoperative severe malnutrition
--------------------------------------------------

Univariate analysis showed ([Table 3](#T3){ref-type="table"}) that male gender, old age (\>60 years), stomach cancer, open laparotomy, high preoperative PG-SGA score (\>4) and preoperative weight loss were related to postoperative malnutrition. Cancer stage did not affect the incidence of postoperative severe malnutrition ([Table 4](#T4){ref-type="table"}).

Most of the colon cancer patients underwent minimally invasive surgery, although the type of operation did not affect postoperative nutritional status (*p*=0.291) in these patients. However, among stomach cancer patients, there was a significant difference in postoperative nutritional status according to the type of operation (open vs. minimally invasive group, 32.1% vs. 24.7%, *p*=0.001).

Multivariate analysis was performed to identify possible risk factors for postoperative severe malnutrition. Variables entered into the analysis included age, gender, diagnosis, methods of the operation (open or minimally invasive), and preoperative weight loss. Multivariate analysis revealed that old age (\>60 years old), preoperative weight loss, open surgery and stomach cancer were significant risk factors for postoperative severe malnutrition ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

Gastrointestinal (GI) cancer patients are considered at high risk for malnutrition, and the prevalence of preoperative malnutrition among them has been reported as nearly 10-20%.[@B2],[@B3],[@B14]-[@B16] Furthermore, after surgical treatment, appetite and diet are known to decline during recovery, leading to malnutrition. Nutritional status can take up to a year to recover after an operation.[@B15] Preoperative severe malnutrition is known to affect postoperative outcomes, such as length of hospital stay. Up to now, however, there have been no reports on immediate nutritional changes after operation in gastrointestinal cancer patients.

This study showed that the incidence of severe malnutrition preoperatively was very low (2.3%), but increased to 26.2% postoperation. In the present study, all gastrointestinal cancer patients scheduled for an operation, except for emergency situations, were enrolled during the study period. Most of the patients (323, 74.3%) had early stage disease, so nutritional status therein might not have changed from that before being diagnosed with cancer. However, 49.7% (n=216) had a PG-SGA score higher than four requiring nutritional intervention. Furthermore, 12.4% (n=54) had a score higher than nine requiring nutritional therapy. Most of those with a higher score were older age and experienced weight loss associated with cancer. Unfortunately, we were unable to evaluate postoperative outcomes such as length of hospital stay and newly developed infectious complications with regards to preoperative malnutrition because of its low incidence in the study cohort. Although the length of hospital stay was longer in patients with postoperative malnutrition, we did not evaluate the factors affecting the length of stay. Postoperative hospital stay is affected by various factors, including a patient\'s condition, comorbidities, postoperative complications, and economic standing.

Postoperative malnutrition was more frequent in gastric cancer patients (29.7%) than in colorectal cancer patients (19.9%). Resection of the stomach reduces reservoir function, and may cause early fullness and a smaller diet. Therefore, postgastrectomy patients can experience significant weight loss and postoperative malnutrition. Interestingly, in the present study, there was no difference in the incidence of postoperative malnutrition between patients who received total gastrectomy and patients who received subtotal gastrectomy, showing different results from a previous study.[@B17] The difference in our patients compared with those in the other study was the longer period of study, which was more than 3 months.[@B17],[@B18] No reports have published concerning short-term changes in nutritional status in the perioperative period nor immediate changes in nutritional status in regards to long-term outcomes. Yet assessment of long-term outcomes of such patients according to postoperative nutritional status is warranted. In colorectal cancer patients, diets may not change, and their nutritional status could be more stable than stomach cancer patients. However, as observed in this study, severe malnutrition increased from 2.6% to 19.9% in colorectal cancer patients, indicating the need for awareness of their postoperative nutritional status.

Minimally invasive surgery is known to be helpful in postoperative recovery due to minimal stress and less nutritional impairment.[@B19] In this study, minimally invasive surgery was superior in postoperative nutritional aspects. Accordingly, we suggest the application of minimally invasive surgery in patients at high risk for postoperative malnutrition. Moreover, good nutritional status may be helpful to postoperative recovery. In stomach cancer patients, postoperative malnutrition was higher in open surgery groups, but this was not different in colorectal cancer patients. Open surgery is a more invasive and destructive procedure causing stress and a greater inflammatory response, and may require longer recovery times after the operation.

Preoperative weight loss is a risk factor for postoperative malnutrition. Accordingly, it is a parameter in several nutritional screening and assessment tools. Gastrointestinal cancer induces changes in taste and oral habitus, leading to reduced oral intake. Thus, weight loss is usually associated with cancer. Changes in appetite and food intake, as well as development of gastrointestinal symptoms also contribute to weight loss in cancer patients. These are included in the PG-SGA, so we did not analyze these separately. In this study, higher preoperative PG-SGA score (\>4) was related to postoperative malnutrition. Therefore, preoperative changes in food intake and gastrointestinal symptoms can be considered as risk factors for postoperative severe malnutrition.

In the present study, cancer TNM stage did not affect changes in nutritional status. This indicates that the major causes of postoperative nutritional change are associated with recovery from surgery not cancer itself. However, advanced cancer patients may involve poor nutritional status for longer periods.[@B10] This study did not analyze postoperative outcomes associated with preoperative and postoperative nutritional status.

For high nutritional risk patients, preoperative nutritional intervention is very important to reducing postoperative morbidity and severe malnutrition.[@B1]-[@B3],[@B11],[@B12],[@B17],[@B20] In this study, we did not provide preoperative nutritional support, but almost all patients (\>99%) had been infused peripheral parenteral nutrition (PPN) products during the postoperative period. Postoperative PPN did not prevent postoperative weight loss, but we could not evaluate the efficiency of the peripheral nutritional support. According to recent clinical guidelines for surgical patients, parenteral nutrition is beneficial in undernourished patients in whom enteral nutrition is not feasible or not tolerated or in patients with postoperative complications impairing gastrointestinal function who are unable to receive and absorb adequate amounts of oral/enteral feeding for at least 7 days (ESPEN guidelines on parenteral nutrition: surgery). Therefore, greater concern for the adequacy and efficiency of postoperative nutritional support with regard to oral/enteral and parenteral nutrition is warranted.

There are few reports on immediate perioperative changes in nutritional status. This study only compared early changes in nutritional status and risk factors for early postoperative severe malnutrition. We could not show the postoperative outcomes associated with nutritional status due to the low incidence of preoperative malnutrition. However, this study provides basic data for comparing long-term results according to early postoperative nutritional status. Additionally, it may help highlight the importance of nutritional assessment and intervention in GI cancer patients at high risk for postoperative severe malnutrition.

In conclusion, the incidence of postoperative severe malnutrition increased to 26.2% in gastrointestinal cancer patients. Older patients, patients with preoperative weight loss, stomach cancer patients, and patients who underwent open laparotomy were shown to be at high risk for postoperative severe malnutrition. Further studies are needed to evaluate the efficacy of aggressive nutritional support and intervention in patients at high risk of postoperative severe malnutrition and the impact of postoperative severe malnutrition on long-term oncologic outcomes in the gastrointestinal cancer patients.

The results of this study were presented at the 14th Parenteral and Enteral Nutrition Society of Asia (PENSA) Congress, 2011, in Taipei, Taiwan.
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PG-SGA, patient-generated subjective global assessment.
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PG-SGA, patient-generated subjective global assessment.
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Factors Affecting Postoperative Severe Malnutrition in Univariate Analysis
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SGA, subjective global assessment.
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Factors Affecting Postoperative Severe Malnutrition in Multivariate Analysis
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CI, confidence interval; HR, hazard ratio; SD, standard deviation.
